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MANAGEMENT SUMMARY

Cut-offs from piling treated with creosote plus additional

napthalene at four levels were exposed to Linmoria tripunctata both in

the laboratory and in the field.

After one year of exposure to active Limoria attack in the

laboratory, the coated wedges from the 10 percent naphthalene additive

showed the greatest resistance to attack by Limnoria tripwtata.

The treatment which showed the least resistance to Limnoria
tripunctata under laboratory conditions was the 30 percent additive.

In Series 1, which has had one year of exposure, the 30 per-

cent naphthalene creosote discs showed the best resistance to Limnoria
attack under field conditions and the 20 percent additive discs were

most severely attacked. The 30 percent additive discs which were sub-

merged for six months showed a heavier Limnoria attack than any of the

discs exposed for 12 months.

Fouling organisms, especially barnacles were very heavy on all

the discs exposed under field conditions.

During the September, 1980 inspection, molluscan borers

(Pholadidae) were found in all treatments exposed at Daytona Beach,

Florida. No significant variations were observed among the four treat-

ments.

After one year of exposure to Limnoria tripunctata attack,

both in the field and in the laboratory, the piling cut-offs with four

different percentages of naphthalene plus creosote are all showing

susceptibility to Linoria attack. A longer exposure period should

ascertain whether the initial trends will continue at the same rate.

li



THE ACTIVITY OF Limnoria tripunctata IN PILING CUT-OFFS
FROM NAPHTHALENE-ENRICHED CREOSOTED PILINGS

by

C.I. Belmore

INTRODUCTION

The need for an improved treatment for marine pilings has been

recognized by both the United States Navy and industry. A satisfactory
improved treatment must result in piling that will effectively prevent

marine borer attack, resist breakage in handling and driving, and be

economically feasible. Creosote-impregnated piling satisfies these

needs except in areas where the wood-boring crustacean, Limnoria tri-

punctata exists, since L. tripunctata is relatively resistant to creosote.

Much has been accomplished in recent years towards improve-

ment of treatments and development of new preservatives against borers

and other destructive elements. Through cooperative efforts of industry

and the Navy, a working-test exposure was installed in 1978 at Roosevelt

Roads, Puerto Rico using piling treated with creosote containing the

additive naphthalene in ranges of 10 to 40 percent. The piling cut-offs

produced during this installation are being used for laboratory and

field exposures to determine the preservative effectiveness of the added

naphthalene.

OBJECTIVES

The objectives of this study are to determine the preservative

effectiveness of various percentages of naphthalene-enriched creosote

treatments exposed to Limnoria tripunctata attack in the laboratory and

in a natural seawater environment; to determine if Li'moria attack is

accelerated by exposure in the laboratory and to investigate if there

are any seasonal differences in the rate of Limnoria attack in a natural

environment where molluscan borers are also present.

Ii
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MATERIALS AND METHODS

Three-inch discs from pile cut-offs were received at Battelle's

New England Marine Facility - The William F. Clapp Laboratories in Duxbury,

Massachusetts for laboratory exposure and at Battelle's Florida Marine

Research Facility in Daytona Beach, Florida for field exposure. A total

of 38 discs, nine treated with 10 percent naphthalene creosote, 10 with

28 percent naphthalene creosote, 10 with 30 percent naphthalene creosote,

and nine with 40 percent naphthalene creosote were to be used.

Laboratory Exposures

Three discs from each treatment were cut into eight pie-shaped

segments, the heartwood removed, and the resulting wedge coated with

Koppers Bitumastic 300 M on all surfaces expect the outside circumferal
surface. The uncoated surface of these wedges represents the area

normally exposed to Limno2ia attack on pilings. A fourth disc from each

treatment was also cut into eight segments but was not coated. These

wedges have the area normally inside a piling exposed to Limnoria attack

also.

Twelve coated and four uncoated wedges per treatment were ex-

posed to active Limnoria tripunctata attack in flowing seawater tables

in the laboratory on October 31, 1979. An untreated soft pine coupon,

measuring 73 am x 103 mm x 18 mnm, was added to each table to serve as a

control. These samples comprosed Series 1.

The second series of samples was placed in laboratory water

tables on March 24, 1980, during a normally heavy Limnoria migrating

season (March-April). During preparation of the discs on October 9,

1979, two of the discs were spoiled. Since replacements were not re-
ceived, the second set of exposures was not a complete replicate of

the first set. Only the 10 percent and 40 percent naphthalene creosote

discs were available for the second series. Preparation and method of

f exposure were the same as used in Series 1.

Field Exposures

The cross-section surfaces of 16 discs (four per treatment)

were drilled with a 5/8" (16 mm) center hole, coated with Koppers

L I .. ... ... .. .. . . .. .. . - _ . -
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Bitumastic 300 M on the sawn surfaces, mounted on four galvanized steel

rods, and submerged vertically in the natural seawater environment at the

Florida Marine Research Facility at Daytona Beach, Florida. Each rod

held one disc from each treatment simulating an in-place piling. Four

rods and discs for Series 1 were installed September 17, 1979; the re-

maining discs received were installed on two rods with three discs each

for Series 2 on March 27, 1980. The order of arrangement of discs on

the rods is shown in Table 1.

RESULTS AND DISCUSSION

Series I - Laboratory Exposures

Inpsections for Limnoria attack were performed monthly. The

results of these inspections are shown in Table 2.

All treated wedges remained free of Limnoria tripunctata for
over two months. By the end of the three-month exposure period, Lirmno-ia

had started tunneling into two of the coated 10 percent naphthalene cres-

sote wedges. With the exception of one of the 20 percent naphthalene

creosote coated wedges which had one tunnel after three and four months

exposure, and two tunnels at five months, none of the other wedges except

the 10 percent coated wedges were attacked by Limnoria until after six

months of exposure.

The wedges with the 10 percent naphthalene were the first to

be attacked by Limnoria but this early attack did not continue to increase

at the same rate as the attack in the other treatments.

The rate of increase in the Limnoria attack from the eight

month inspection to the twelth month inspection was 3 percent for the
10 percent additive, 61 percent for the 20 percent additive, 39 percent

for the 30 percent additive and 47 percent for the 40 percent additive.

At the inspection after one year of exposure to active Limoria

attack in the laboratory, the coated wedges from the 10 percent naphthalene

additive showed the greatest resistance to attack by Lirnnoria tripunctata

with a mean of 27 tunnels per wedge (Table 3). Four of the coated wedges

were still without any Limnoria attack at the end of one year of exposure.
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TABLE 1. ORDER OF DISC PLACEMENT ON ROD, FOR
FIELD EXPOSURES OF DAYTONA BEACH, FLORIDA

Set
1 2 3 4 5 6

10% 20% 30% 40% 30% 20%

20% 30% 40% 10% 20% 30%

30% 40% 10% 20% 20% 20%

40% 10% 20% 30%

Sets 1-4 installed September, 1979.
Sets 5-6 installed March 27, 1980.
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TABLE 2. NUMBER OF Limnoria TUNNELS IN WEDGES
ON LABORATORY EXPOSURE - SERIES I

Sample
Treatment Number 1 2 3 4 5 6 7 8 9 10 11 12

1 9 11 14 27 27 27 27 27 27 40
2 1 1 1 1 1 1 2
310% 4 12 19 19 21 31

Naphthalene 5
Creosote 6
(Coated) 6

7 67 70 70 70 70 70 70 70 70 73

8 2 2 2 2 2 12 53 105
9

10 4 4 4 4 4 4 12
11 7 13 42
12 1 4 18

10% 2 13 13 15 15 15 15 15 15 15 23

(Uncoated) 3 15 15 15 15 15 15 15 15 15 48
4 7 7 7 12 12 12 12 13 17 51

1
2
3

20% 4 1 1
Napthalene 5 5 17 44

Creosote 6 45
(Coated) 7 7

8 9 18 36
9 3 3 4 7 1i 33 90

10 1 i 2 2 2 2 3 29 48 110

11 10 26 71
12 3 19 35

1 5 18 67
20% 2 4 4 4 4 4 4 7 120
(Uncoated) 3 3 9 88

4 1 8 37

1 2 4 28 100 200
2 1 7 28
3 5 5 5 5 6 9 47

30% 4 1 3 14 38 70
Naphthalene 5 4 4 6 32 100 205 290
Creosote 6 19 19 22 86 100 130 185
(Coated) 7 2 2 16 60 140 200 300

8 2 31 40 110 140
9 1 1 1 1 2 12 35
10 12 13 20 130 190 300 360
11 8 8 32 92 130 210 275
12 2 11 30 72
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TABLE 2. (continued)

Sample
Treatment Number 1 2 3 4 5 6 7 8 9 10 11 12

1 11 65 100 210 250
30% 2 30 30 110 300 320 350 400
(Uncoated) 3 38 38 60 160 200 300 390

4 8 14 35 65 110 160 190

1 4
2 3 18 26
3 6

40% 4 1 7 22
Naphthalene 5 4 12 14
Creosote 6 3
(Coated) 7 4 14 32

8 2 5 10
9 33 75 140
10 26 80 130
11 7 50 200 300
12 9 9 21 90 110 200 320

40% 1 6 40 45 70 300 325 350 450
Naphthalene 2 10 12 50 140 150 210 260
Creosote 3 12 17 60 125 200 300 475
(Uncoated) 4 19 39 90 280 285 300 380

*. - -.
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TABLE 3. MEAN NUMBER OF Limnoria TUNNELS IN LABORATORY

WEDGES AFTER 5 TO 12 MONTHS OF EXPOSURE

Months
Series No. 5 6 7 8 9 10 11 12

1 10% Coated 7.2 8.7 8.7 9.7 10.3 11.8 16.1 27
.10% Uncoated 9.3 9.3 9.3 9.3 9.3 10.8 11.8 30.5

20% Coated 0.2 0.5 0.5 0.6 0.9 5.6 13.5 36.6
20% Uncoated 1.0 1.0 1.0 1.0 1.0 3.3 10.5 78.0

30% Coated 0.0 4.3 4.3 8.9 37.2 63.5 112.3 166.8
30% Uncoated 0.0 19.0 20.5 54 147.5 182.5 255 307.5

40% Coated 0.0 0.0 0.0 1.8 8.1 19.4 50.9 83.9

40% Uncoated 1.5 20.3 28.3 67.5 211.3 240 290 391.3

I K 2
10% Coated 1.7 5.5 5.5
1O% Uncoated 0 0 .25

40% Coated 0 0 2.4
40% Uncoated 17 52 83

.
r
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The amount of attack in the 20 percent naphthalene additive

wedges was very similar to that in the 10 percent wedges with a mean of

37 Limnoria tunnels per wedge after one year of exposure. Two of these

wedges were free of any attack.

The treatment which showed the least resistance to Linoria

tripunctata under laboratory conditions was the 30 percent additive.

These wedges all showed Limnor-ia tunnels present with a mean of 167

tunnels per wedge.

Wedges with a 40 percent naphthalene additive, with a mean of

84 tunnels per wedge, stood up better than the 30 percent additive but

not as well as the 10 percent and 20 percent.

Variance in the size of the piling cut-offs and resulting

wedges is shown in Table 4. Taking this size difference into consider-

ation, the ratio of numbers of Limnoria tunnels per square centimeter

of exposed surface of coated wedges in the laboratory was 10 percent

0.29, 20 percent - 0.34, 30 percent = 1.58, 40 percent = 1.30.

Series 2 - Laboratory Exposures

Complete replicate samples of the four treatments exposed in

October, 1979 were not available. Series 2, therefore consists of 12

coated wedges and four uncoated wedges of the 10 percent and 40 percent

treatments only. Results of the monthly inspections are shown in Table

5.

After six months of exposure, the results of these inspections

are similar to those of Series 1 at six months. Four of the 10 percent

coated wedges have been attacked by Limnoria; none of the 40 percent

coated wedges and all of the 40 percent uncoated wedges show attack.

Series 1 - Field Exposures

At the sixth-month inspection of the discs on exposure at

Daytona Beach, Florida, a few Limnoria had started tunneling in one of

the 20 percent naphthalene creosote and one of the 40 percent naphthalene

creosote piling cut-offs (Table 6).
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TABLE 4. AREA OF SURFACE EXPOSED TO Linmoria tripunctata
OF SERIES 1 COATED WEDGES IN SQUARE CENTIMETERS

Wedges 10% 20% 30% 40%

1 105 115 114 74

2 119 125 112 82

3 121 104 118 88

4 130 67 108 65

5 113 117 102 63

6 106 122 104 103

7 114 105 117 86

8 124 132 108 72

9 80 99 104 103

10 125 122 '128 106

11 96 113 100 79

12 135 102 106 ill

Totals 1,368 1,323 1,321 1,032
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TABLE 5. NUMBER OF Limworia TUNNELS IN WEDGES
ON LABORATORY EXPOSURE - Series 2

Sample
Treatment Number 1 2 3 4 5 6

1 14
2 2 11

10% 3
Naphthalene 4 2 3
Creosote 5 2 2
(Coated) 6

7
8
9
10
11
12

1

10% 2
(Uncoated) 3

' t 4

2
3

40% 4
Naphthalene 5

Creosote 6
(Coated) 7

8
9
10
11

12

1 6 9 18
40% 2 26 70
(Uncoated) 3 19 40

4 2 13 14 80

I-

I



TABLE 6. NUMBER OF Limnoria TUNNELS IN DISCS ON FIELD EXPOSURE

Months Treatment

Set Exposed 10% 20% 30% 40%

1 6 0 0 0 0

12 100 600 800 1300

2 6 0 10 0 0

12 1000 1300 400 1000

3 6 0 0 0 6

12 4000 5500 200 1000

4 6 0 0 0 0

12 500 600 350 1300

5 6 1800 2000

3000

6 6 Lost 4000

Lost

j. . ....
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When inspected again after 12 months of exposure, all discs

showed trace to moderate attack by Limnoria as well as a trace attack

by Pholadidae (Tables 6 and 7).

The Linmoria attack in the 10 percent and 20 percent discs showed

great variation. The number of tunnels in the 10 percent additive discs

ranged from 100 in Set 1 to 4000 in Set 3. In the 20 percent additive
discs, the range was 600 tunnels in Sets 1 and 4 to 5500 tunnels in Set

3. The variation among discs was not as great in the other two treat-

ments. The range in the 30 percent discs was 200 tunnels in Set 3 to

800 tunnels in Set 1. Very little difference in attack was observed in

the 40 percent discs. Sets 2 and 3 had 1000 Limnoria tunnels and Sets 1

and 4 had 1300 Limnoria tunnels.

Most of the discs had one to six specimens of the boring mollusc,

Pholadidae, at the 12-month inspection. This is not a very heavy pholad

attack but does indicate the treatments are not a deterrent to this

molluscan borer.

The 30 percent naphthalene creosote discs showed the greatest

resistance to Limoria attack under field conditions with a mean of 438

tunnels per disc. The 20 percent disc was most severely attacked, with

a mean of 2000 Limnoria tunnels per disc. The mean number of tunnels in

the 10 percent additive was 1600, and there were 1150 tunnels in the 40

percent additive.

Series 2 - Field Exposures

Four 20 percent and two 30 percent naphthalene enriched creosoted

pile cut-offs were submerged at Daytona Beach, Florida in March, 1980. At

the six-month inspection, two of the 20 percent treatments from Set 6 were

missing. The remaining discs all showed light to moderate Linmoria attack.

The two 30 percent discs were more severely attacked in six

months of exposure than the 30 percent discs in Series 1 which had been

on exposure for 12 months (Table 6). These two discs showed a mean of

3000 tunnels per disc which is greater than any of the discs which were

in Series 1.
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TABLE 7. NUMBER OF SPECIMENS OF PHOLADIDAE
IN DISCS ON FIELD EXPOSURE

Treatments
Set* 10% 20% 30% 40%

1 0 1 1

2 2 2 1 3

3 4 6 3 3

4 2 3 2 2

5 2 0

6 -2

Sets 1-4 on exposure for 12 months, Sets 5-6 exposed for 6 months.

I
I.

" i
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The field samples were heavily fouled with barnacles and other

organisms both at the six-month and twelve-month inspection periods. At

the March 27, 1980 inspection, all discs were covered with very heavy

settlement of barnacles with traces of Hydroid, Amphipods, and Annelida.

In September, 1980, the heavy fouling was dominated by barnacles with

traces of Hydroid, Amphipods, Ascidians, Crassostrea and filamentous

bryozoan. As much fouling as possible was removed at the time of the

inspections.

Laboratory samples were inspected monthly and all fouling re-

moved. No barnacles became attached to these samples. Very little

fouling except for a slime film and a few Ascidians was present on these

exposures.

Comparison of Field and Laboratory Exposures

After 12 months of exposure to Limnoria tripunatata in the

laboratory and in the field, the creosoted piling cut-offs with naphtha-

lene added were all attacked by gribbles. Field and laboratory exposures

have indicated different results after one year. The 30 percent naphtha-

lene cut-offs were the most successful in the field and were the least

successful in the laboratory (Table 8).

In the field exposures, the order of best protection was 30,

40, 10, and 20 percent, respectively.

In the laboratory exposures, the order of best protection was

10, 20, 40, and 30 percent, respectively.

The 30 percent discs submerged in March, 1980 show a much

heavier Liftmoria attack than any of the discs submerged for one year.

Uncoated Wedges

The number of Limoria tunnels in the uncoated wedges was not

included in the overall assessment of effectiveness of the four treat-

ments.

These wedges generally showed heavier attack than coated wedges.

By not coating the cut surface with Bitumastic 300 M, surfaces not exposed
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TABLE 8. MEAN NUMBER OF MARINE BORERS IN DISCS
AND RECONSTITUTED DISCS
(Discs submerged 12 months.)

10% 20% 30% 40%

Mean 0 of Limnor-ia Tunnels 1600 2000 438 1150

Mean # of Pholadidae 2 3 1.75 2.25

Coated Wedges Exposed 12 Months

Mean # of Limnoria Tunnels 33 37 167 84

Uncoated Wedges Exposed 12 Months

Mean # of Limnoria Tunnels 31 78 308 392

Mean # of Limnoria Tunnels in 264 295 1341 675
Reconstituted Disc (8 Wedges -
1 Disc) (Coated)

Total # of Limnoria Tunnels in 244 624 2460 3130
Reconstituted Disc (8 Wedges -
1 Disc) (Uncoated)



I.

1 16

to Limnoria attack in actual pilings were attacked by Limnoria. The

destruction was increased by borers first entering the cut surface areas

before they started burrowing into the edges of the outside piling sur-

face area (Table 8).

Water Temperature

Water temperatures in the laboratory exposures ranged from a
low of 10C to a high of 32.5°C (Table 9). Both of these extremes were

in December, 1979. During the period from October to June, the labora-

tory sea water passes through a heat exchanger in order to maintain

temperatures that will support the breeding of Limnoriza all year.

The average temperature of the laboratory sea water during

the period these discs were exposed to active Limrnoria attack was 19.3°C.

The discs submerged at the Florida Marine Research Facility

in Daytona Beach, Florida were subjected to a low of 11°C and a high

of 28*C (Table 10). The average water temperature at the field site

was 21.6C during the period from September, 1979 to September, 1980.

I
F

F



1. 17

TABLE 9. LABORATORY WATER TEMPERATURES OC FROM
NOVEMBER, 1979 THROUGH OCTOBER, 1980

High Low Average

1979

November 22.5 15.5 19.9

December 32.5 10.0 18.4

1980

January 22.5 16.5 19.1

February 22.5 14.0 18.6

March 27.0 15.5 19.3

April 21.5 18.5 19.9

May 22.5 18.0 20.9

June 20.0 18.0 19.3

July 21.0 17.5 18.9

August 22.5 18.5 20.1

September 21.5 14.0 18.0

October 20.5 15.5 18.8

Temperature readings based on daily 9:00 AM readings from Taylor Temperature
Recorder.

ii
I1
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TABLE 10. DAYTONA BEACH WATER TEMPERATURES 0C
FROM SEPTEMBER, 1979 THROUGH SEPTEMBER, 1980

High Low Average

1979

September 27 25 25.4

October 27 22.5 24.8

November 24 18 21.3

December 20 15.5 17.8

1980

January 17.5 12 15.4

February 14 11 12.5

March 20 11 18.2

April 22 19 20.3

May 24.5 20.5 21.7

June 27.5 24 25.6

July 28 24.5 26.3

August 27 24 26

September 27.5 24 26.1
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